N owadays, whole spine radiographs are commonly evaluated tools for scoliosis patients in diagnostic and follow up radiographs. A standing position is mandatory for image acquisition of the whole spine; C1 down to sacrum. The images are later fused into only one image (Figure 1 ).
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The causes to the problems found in repeated radiographs are as follows: 11% patient motion, 29% patient positioning error, and 60% malpositioning of the shielding ( Figure 3 ). Patient safety is the key of universal patient care. As a result, a new innovation of radiation shielding of the pubic area was invented in our department for whole spine radiographs.
Materials and Methods
The most common material of radiation shielding is lead plate. The inverted triangular shape is suitable for radiation shielding of the pubic region in both male and female patients ( Figure 4) . 2 The size of the new lead plate was calculated from the average measurement of the distance between the medial rim of the bilateral iliac wings; the widest point, in both sexes from the pelvis AP radiograph. Also the length of the handling shielding was measured from the average distance of the iliac crest to the superior rim of the pubic symphysis for males, and to the widest point of the pelvic cavity for females, from the pelvis AP radiograph (Figure 4 ).
The radiation shielding, the inverted triangular lead plate, was attached to a rubber belt at the upper rim, to be placed at the iliac crest of patients. The x-ray beam can pass through the rubber belt, and resulted in no artifact on the radiographs.
We reviewed 200 pelvic AP upright radiographs, half male and half female, with an average age between 18 and 70 years (Table 1) , to measure the width and height as mentioned above and to calculate an average measurement: -For females: the average distance of ipsilateral iliac crest to the widest point of the pelvic cavity at the medial rim of the ipsilateral iliac bone, was 10 cm, the average width of the pelvic cavity was 13.85 cm ( Figure 5 ). -For males: the average distance of the ipsilateral iliac crest to the superior rim of the pubic symphysis was 20 cm, the average wide of pelvic cavity was 12.93 cm ( Figure 6 ). The thickness of the inverted triangular lead plate shielding was about 0.5 mmPb demonstrated a radiation transmission only 0.4-2.2%3 which was a shielding, standard value, then, covered by cotton, and oil shielding for water resistance. Two sizes of rubber belt for the shielding were made; 10 cm and 20 cm for female and male respectively. The bilateral rims of the shielding were then folded inside by 1.5 cm. each, avoiding the hip joint overlap (Figure 7) . The iliac crest was the guide used to adjust the position of the lead plate, holding on the midline (Figure 8 ).
The new lead plate was used in routine whole spine The size of lead protection for females is 10 cm from iliac crest, and for males it is 20 cm from iliac crest, using the same configuration and size. 
Results

1.
Rejected rate of whole spine radiograph. The rejected rate in the first month (June 2016) was about 8.3%, after that, we made the manual and taught the technologists. After this, the rate has been decreasing (Figure 10 ), to be less than 5%. 4. Cost of repeated radiograph of whole spine (expense) has decreased by about 65% from June 2016 to April 2017. The expense in September 2016 was rather higher than August 2016 due to increased numbers of total whole spine radiograph performed, but the rejected rate decreased (Figure 13 ). 
An Innovation of Radiation Shielding for Safety of Whole Spine Radiographs Discussion
In children and young adults, gonads are extremely sensitive to radiation exposure. Rowley MJ, et al. 4 reported the effect of graded doses of ionizing radiation on human testes. Doses are 10-15 rad (0.01 to 0,015 Gy) can induce depression of spermatogenesis and the dose of more than 500-600 rad is likely to induce permanent sterility. In young girls, doses of 500 rem (5Sv) destroy germinal epithelium. 5 The average total permissible gonadal dose per year was 0.013 rads for males and 0.035 rads for females. 6 In all circumstances, radiation protection with lead shielding protection is important and needs to be in the proper position in either male or female patients. The positioning of the shielding should be confirmed as satisfactory for the patient's physician including the radiologist, chiropractor, and orthopedic physician. An adequate shielding should include the entire gonads in male and female. As these are different, female gonads are in pelvic cavity, hence the protection shield should cover the whole pelvic cavity in women, but it should not interfere with interesting structures such as the acetabulum and/or hip joints.
1,2
We present a lead shielding for gonads in both genders in case of whole spine study in the positioning and fixation of the protection in place. We present an analysis of the rate of rejection, time procedure and expense. We found that the rate of rejection is less than 5%. Routine time procedure is 4 minutes achieving 97% rate, and the rate of satisfactory response in terms of fixation and being user-friendly is 95-98%. The expense cost of repeat examination decreased by 65% in ten consecutive months. From this study and analysis, we recommend the use of lead gonads shielding protection as per our configuration and size including male and female sizes as well as following our positioning protocol in the standing position. This innovative significantly reduces the rate of rejection, and the time this procedure takes. It is user-friendly and reduces expense.
Conclusion
The new inverted triangular lead plate for radiation shielding is an effective tool as it decreased the rejected rate, decreased procedure time, increased satisfactory response of radiology technologists and decreased expense. We strongly recommend this plate for routine whole spine radiographs over the conventional or commercial lead plate.
